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Abstract 
The meaning and effectiveness of computer assisted education in teaching physics at high school level are introduced. 
Difficult notions related to magnetism are introduced in a friendly manner by using typical tools of computer assisted 
education, including animations and intuitive graphical representations. Different techniques for the quantitative 
characterization of the magnetic behavior of the systems are also presented, in the frame of high school physics knowledge 
and abilities. Experimental results are provided by using remote laboratory techniques. An exemplification is illustrated via 
the Team Viewer program. The advantages of the remote laboratory facility with respect to virtual experiments are 
discussed.  
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1. Introduction 
The computer assisted education (CAE) represents a natural evolution from the traditional methods of education 
(TME), directly related to the social evolution towards an informational society. It capitalizes the principles of 
programmed teaching, in the context of the newly developed communication and informational technologies. The 
advantages of CAE over TME seem to be obviously, especially in teaching physics, considered as one of the 
toughest curricular disciplines.  The complexity of the phenomena to be introduced to the students, which hardly 
can be explained by the means of simple traditional methods can be much easier introduced via the new didactic 
methods, which rely on the computer possibilities. This paper reports on the most usual tools used in CAE and 
provides some examples for their application in introducing complex notions related to magnetism, in an as much 
as possible friendly manner. Different techniques for the quantitative characterization of the magnetic response of 
the systems are also presented, in the frame of high school physics knowledge and abilities.  Finally, direct 
experimental results obtained in a research laboratory are provided via remote laboratory techniques, by using the 
Team Viewer program. It is underlined that by using the remote laboratory technique the children are connected 
through a computer to  a real experimental device as compared to the case of the virtual experiment, where the 
student interact just with a simulation soft.   
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2. Specific tools of computer assisted education   
The following computer assisted methods of importance in teaching/learning physics can be mentioned 
(Hicks and Laue,1989; Christian and Esquembre,2007; Dancy and Beichner, 2006): (i) the graphical 
representation, (ii) static and animated diagrams, (iii) the live image or video recording of an experiment, (iv) 
the structured text, (v) the presentation. 
   (i) While the visual memory is superior to the lexical one, the main advantage of the graphical 
representation over the text consists in the ease of memorizing an image presented in a limited space. Diagrams 
and 3D images for illustrating data or describing concepts in physics can be obtained by using clipart, digital 
photography and powerful programs of graphical processing. It is evidently that the present types of graphical 
representations overcome the traditional orthogonal representations.  
   (ii)  For the intuitive introduction and exemplification of various evolution processes in physics, the static 
and animated diagrams can be very effective, especially when the animations are correlated with vocal or 
written comments.  Usual presentation programs, like Power Point, can be used for building rough animations 
whereas specialized programs are required for more complex animations. 
   (iii) Live images or video recording of experiments can be also used both for observing different aspects of 
the real world and for introducing the students in the environment of a new and complex experiment, 
impossible to be performed in the classroom. Different aspects have to be taken into account in order to 
improve the efficiency of such multimedia, mainly by keeping the attention of the students.  
   (iv) The text still holds as a fundamental instrument of teaching, but the computer offers the advantage of 
structuring it easier, depending on the context of presentation and auditorium level. Similar to the previous case, 
some specific requirements have to be fulfilled for properly passing the information and keeping the attention of 
the students. For editing a text, the so called text editors like Microsoft Word, or LaTex can be mentioned. 
   (v)The presentation, seen as a digital successor of the slide frames, is an efficient tool for transmitting the 
information in case of lessons, speeches, conferences, etc. Complex presentations can include texts, tables, 
images, animations and virtual experiments and allow on-line connections to real experiments via remote 
laboratory techniques. These are realized by specialized programs, the Microsoft Power Point being one of the 
most widely used.   
3. Teaching about magnetism at high school level via computer assisted methods.  
          The substances respond to an applied magnetic field through the so called magnetic moments, associated to 
the atoms (not any type of atom is carrying a magnetic moment). Each magnetic moment can be seen as a small 
magnet (point dipole approximation) giving rise to a small magnetic field around it. It is this magnetic field, 
provided by all magnetic moments of the substance, which can be experimentally obtained in order to get 
information about the microscopic magnetic moments, as will be seen in the following. It is worth mentioning 
that there are two contributions to the magnetic moment of an atom: (i) the orbital magnetic moment and (ii) the 
spin related magnetic moment. Whereas the orbital magnetic moment can be introduced via a classical 
reasoning, the spin related magnetic moment has a purely quantum origin and can be introduced at high school 
level just by a suitable analogy to the orbital magnetic moment.  
    An approach on the origin of magnetic moments via computer assisted methods is provided. The issue can be 
simply resumed by a slide of PowerPoint presentation, as shown in Fig.1. For an easy understanding, an atom 
with just one electron is considered. According to the atom model by Bohr (Bharati Bhawan, 2000), the electron 
is moving around the nucleus, on a circular orbit of radius r and provides an elementary circular current of 
intensity given by the ratio between charge and time.  It is obvious that the electron carries just its own charge -
e over each rotation period T, providing so a direct estimation of the elementary intensity.  Further on, 
according to  (Blundell, 2001), a magnetic moment (which is a vector) can be associated 
to any plane loop of current, being proportional to the current intensity and the area of the loop (see fig. 1, 
which is suggestive also with respect to the orientation of the involved vectors). A direct proportionality 
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between the magnetic moment  and the angular magnetic moment L = mvr, can be obtained by expressing the 
area of the loop (noted by S) via the radius r and the rotation period versus the electron velocity v and radius r.   
     More generally, this relation holds true also written with vectors. Accordingly, to any angular moment L, 
corresponds an angular magnetic moment L (bolded characters are used for vectors): 
  LL
m
e
L 2
        (1)  
 
     In 1926, Uhlenbeck si Goudsmit have hypothesized the existence of the spin movement of the electron, to 
which, by strict analogy with the orbital angular moment, can be associated a spin angular momentum, S. To 
the spin angular moment is attached, similar to the case of the orbital moment, a spin magnetic moment. 
Initially, was assumed that the two quantities are linked via a relationship similar to (1).  Surprisingly, the 
experimental evaluation of the magneto-mechanic ratio for the spin movement (i.e. the ratio between the value 
of the spin magnetic moment and the spin angular moment) has shown that it is two times higher than for 
orbital motion (result known as spin magnetic anomaly). Therefore, the correct relationship between the two 
spin moments (magnetic and angular) is: 
 SS
m
e
S 22
2         (2)  
 
 
  
Figure 1. PowerPoint presentations for an easy understanding of orbital magnetic moment, spin magnetic moment and overall magnetic 
moment of the atom (just one electron is considered for simplification). A quantification of the projection of the angular moment and 
similar, of magnetic moment, along the field direction Oz, is shown on the bottom of the slide (just a spin contribution is considered for 
simplification). 
 
   Due to the two contributions at the magnetic moment, the total magnetic moment of the atom can be 
defined as the sum of orbital and spin magnetic moments:  
 SLat          (3) 
Very often, in case of the solid state, the orbital angular moment is quenched (Kittel,1971) and the solely 
contribution to the total magnetic moment comes from the spin magnetic moment, S: Sat  , if .0L   
It is worth mentioning that according to the quantum mechanics both the spin and angular momentum of  
electrons belonging to an atom, S and L, have only discrete values (Kittel,1971)  (integers or half integers). In 
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addition, both vectors can have just well specified directions, in such a way that the projections along a 
quantification axis (e.g. along the applied magnetic field direction, chosen along Oz) to have discrete values, 
being  integer/half integer numbers of  ( , with h the Plank's constant).  Hence, for the simplified case 
described by relation (3), the magnetic moment projection on Oz axis (the field direction) can be written:  
 SBSSzat mmm
e 2
2
2    ( mS integer/half integer, from -S to S)  (4) 
      The constant 2241029.92/ Amme B  is the so called Bohr magneton with the meaning of 
an elementary magnetic moment (the magnetic moment carried by just one electron is B, as obtained by 
relation (4) with mS=1/2; the sign shows just the opposite direction of the magnetic moment with respect to the 
angular moment). 
    Information on the atomic magnetic moments (seen as microscopic quantities) can be obtained by 
applying to the analyzed system a magnetic field (the average projection of the magnetic moments along the 
field direction is the only accessible information, according to quantum mechanics statements). In the presence 
of an applied magnetic field, the atomic magnetic moments in the sample, which are initially chaotically 
oriented, become more and more oriented along the applied field. Over-passing a system dependent value of the 
magnetic field, called saturation magnetic field, all the magnetic moments become oriented along the field. The 
vector sum of the magnetic moments per unit volume (or equivalent, the net magnetic moment per unit volume) 
is defined as a vector quantity, called magnetization, M (Buschow, 2004). Each magnetic moment (or, 
alternatively, their resultant magnetization) generates a magnetic field outside the substance, through which 
could be obtained information on the magnetic proprieties. Obviously, if the magnetization at saturation is 
obtained, the atomic magnetic moment is simply obtained by dividing the magnetization to the number of 
magnetic atoms in the unit volume, which becomes a simple but useful high school level exercise. Therefore, if 
a direct access to real experiments would be provided to the students, they could practice interesting and 
attractive experimental and theoretical activities. Such possibilities will be resumed in the following, by 
introducing suitable experimental methods and remote laboratory techniques, which provide the possibility for 
following from distance (e.g. in the classroom) experienced performed in specialized laboratories.   
4. Magnetic measurements and remote laboratory techniques 
Experimental techniques providing information on the magnetization are called magnetometry techniques. Two 
main types of such techniques can be mentioned: (i) techniques which are based on the determination of the 
external magnetic field provided by the magnetized sample, this field being proportional to the magnetization 
and (ii) techniques based on the rotation of the polarization plane of the light which interact with a magnetized 
medium, the rotation angle being proportional with the magnetization. The two types of techniques might be 
also resumed via a PowerPoint presentation (see for example Fig.2). It is to be mentioned that an advanced 
technique belonging to the first type is the vibrating sample magnetometry (VSM). In a vibrating sample 
magnetometer the sample is connected to a rod which vibrates harmonically in an uniform magnetic field 
generated by a superconducting magnet, along the z axis. Since in the presence of an applied magnetic field, the 
sample is characterized by its overall magnetic moment (proportional to the magnetization ), the vibration of 
this moment induces in the exterior an alternating magnetic field. Collecting coils are placed around the sample. 
aw, 
induces a current proportional with the flux variation and hence with the time variation of the magnetization. It 
is this current which is detected in order to obtain information about the overall magnetic moment (or 
magnetization) of the sample. An advanced technique belonging to the second type is the magneto-optic Kerr 
effect (MOKE) based technique, very effective in the magnetic characterization of nanometer thick magnetic 
thin films ( Kuncser, 2012; Scanteie, 2011). The working principle of a MOKE magnetometer is the following: 
the light emitted by a laser and conveniently linearly polarized by a polarizer is incident a reflecting magnetic 
film placed in a magnetic field. The reflected light passes through an analyzer and then is detected by a 
photodetector (the light intensity at the detector will depend on the angle between the analyzer direction and the 
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polarization direction in the reflected beam). According to the Kerr effect, the polarization direction in the beam 
reflected on the magnetized medium is rotated by a Kerr angle, which is proportional to the magnetization of 
the film. It is this rotation Kerr angle, which is measured via the change in the detected intensity which provides 
information on the magnetization of the film (Fig.2). 
 
 
 
Figure 2. PowerPoint presentation of the two types of magnetometry techniques (the scheme on the left side is specific to an VSM 
magnetometer, whereas on the right side are presented magneto optical effects at interaction of the light with a magnetized medium. 
 
 
 
Figure 3. PowerPoint slide presenting images with the desk command of the VSM magnetometer (left side) and MOKE magnetometer 
(right    side) at the National Institute of Materials Physics, accessed via the TeamViewer program, which allows the observation and the 
control of a real measurement. 
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It is to notice that, these measurements allows the determination of the evolution of magnetization as 
function of the applied magnetic field (magnetization measurements and hysteresis loops) or its evolution with 
temperature. The mentioned dependences offer important information on the magnetic proprieties of the studied 
substances and on the microscopic mechanisms responsible for these proprieties. An important way to transmit 
such complex information to the students during the classes is to use the remote laboratory techniques. A 
remote laboratory corresponds to the situation where the control and the observation of a real physical 
instrument and sample under experiment are mediated through a computer. An adequate remote access to that 
computer is provided through a specific communication network. Hence, the remote lab represents a step 
forward versus a virtual experiment, because in this case the students interact with a real device, they can 
participate at a real experimental activity, in a real laboratory, even from distance (Ma and Nickerson, 2006). 
An exemplification of the application of remote laboratory techniques on handling magnetometry experiments 
from distance is presented in Fig.3. The on-line connection to the command desk of the real device is performed 
in the mentioned examples via the TeamViewer program which allows both the visualization of the real 
measurement as well as the full control on the device parameters including writing measurement sequences, etc.  
 
5. Conclusions  
By using the CAE and its specific learning methods, the students benefit of interactive lessons with a good 
scientific support, much more attractive and instructive as compared to lessons developed via  traditional 
methods, especially due to the use of multimedia resources, like as animations, simulations, virtual experiments, 
remote laboratory, etc. An exemplification related to introduction of basic notion of magnetism is provided, 
along with intuitive explanation of experimental magnetometry methods and directly on-line conducted 
experiments, via remote laboratory techniques.  
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